Pulmonary embolism (PE) is usually caused by thrombosis or tumor. We report the long-term survival of a patient with PE due to a leiomyosarcoma in the deep vein. A 71-year-old woman complained of dyspnea and swelling of the left lower limb. Computed tomography revealed filling defects in the pulmonary arteries and deep vein. She was diagnosed with PE caused by venous thrombosis and treated with anticoagulant therapy. Her symptoms were prolonged, and D-dimer tests remained negative. Biopsy of the substance in the deep vein revealed leiomyosarcoma. The possibility of PE caused by extravascular or intravascular tumors should be considered when a patient is negative for D-dimer.
Introduction
Among elderly patients presenting with dyspnea in outpatient departments, the most common conditions are decompensated heart failure, pneumonia, chronic obstructive pulmonary disease (COPD), asthma, and pulmonary embolism (PE) (1) . Exclusion of PE should be especially considered when computed tomography (CT) shows filling defects in the pulmonary artery and deep vein (2). Well's criteria are useful for diagnosing PE (3) . If the score is ! 4 points and D-dimer is negative, the probability of PE is only 2.2%. If the score is >4 points and D-dimer is negative, the probability of PE is <20%. Thus, the measurement of the D-dimer level is very important for the diagnosis of PE. On the contrary, pulmonary tumor embolisms are rare, but can cause dyspnea. The primary tumors that most commonly cause embolisms are breast, lung, and gastric carcinoma (4) .
We herein report a case in which the measurement of a patient's D-dimer level led to the diagnosis of PE due to deep intravenous leiomyosarcoma of the lower limb, despite the fact that venous thromboembolism (VTE) was suspected from the CT findings of filling defects in the pulmonary artery and deep vein.
Case Report
A 71-year-old Japanese woman presented to our outpatient department with dyspnea and swelling of the left lower limb. She had a history of COPD and hepatitis C. A physical examination revealed a heart rate of 106/min, an oxygen saturation of 96% (room air), clear chest auscultation, and unilateral swelling of the left leg. Contrast-enhanced CT was performed, which revealed filling defects in the pulmonary artery and deep vein (from the superficial femoral vein to the external iliac vein) of the left lower limb (Fig. 1) . There was no swelling in the axillary or inguinal lymph nodes. Vascular ultrasound showed high-and low-density areas in the femoral vein, which were consistent with chronic and acute clots, respectively. A laboratory analysis revealed no evidence of coagulation abnormalities or bacteremia and the patient's D-dimer level was low (0.6 ng/mL). Despite these findings, she was diagnosed with PE caused by VTE based on a Well's score for PE of 7.5 points, which included tachycardia, clinical signs of PE, and symptoms of DVT. Treatment with anticoagulant therapy was initiated. After 1 week of anticoagulant therapy, CT revealed that the filling defects in the pulmonary artery and deep vein had not worsened. After 4 months of anticoagulant therapy, the patient's dyspnea and left lower limb swelling persisted, and D-dimer tests remained negative. CT showed the enlargement of the filling defects in the pulmonary artery and deep vein of the lower limb and a new mass in the right lung (Fig. 2) . A biopsy of the substance in the left superficial femoral vein was performed, based on the suspicion of a malignant tumor. A histological examination revealed that the tumor was composed of spindle cells with atypia (Fig. 3) . Immunohistochemical staining demonstrated that the tumor expressed desmin, vimentin, and smooth muscle actin but not cluster of differentiation 31, cluster of differentiation 34, stem cell A and C, arrow) . growth factor receptor, or mouse double minute 2 homolog. These findings confirmed the diagnosis of leiomyosarcoma. Positron emission tomography detected only one metastatic tumor in the right lung. Accordingly, the clinical stage of the patient was determined to be stage IV. Subsequently, she underwent standard first-line chemotherapy with doxorubicin. The chemotherapy regimen was effective and she was switched to second-line therapy with eribulin because of the risk of doxorubicin-induced cardiotoxicity. The masses were significantly diminished without additional radiation or resection therapy (Fig. 4) . She survived for >2 years with chemotherapy alone.
Discussion
There were two important clinical findings in the present case. First, the measurement of D-dimer helped us to exclude the possibility that the patient's PE was caused by DVT. The patient had a Well's score for PE of 7.5 points, which was enough for a diagnosis of PE due to DVT; however, tests for D-dimer were negative at all stages. At this point, we reconsidered the possibility that other diseases could have caused the pulmonary artery and deep vein defects. Lesions that can occur in the deep veins include old deep venous thrombosis, bacterial masses, and various tumors. The causes of thrombosis include conditions associated with a hypercoagulable state (i.e., infection, other inflammation, and blood or solid cancers) and blood flow disturbance due to conditions such as heart failure and deep vein thrombosis. Moreover, blood vessel tumors can occur due to blood vessel invasion or can be derived from the vascular endothelium as mesodermal tumors (i.e., hemangiopericytoma, intravascular lymphomatosis, and sarcoma, including vasosarcoma, lymphagiosarcoma, liposarcoma, rhabdomyosarcoma, and leiomyosarcoma) (5). In the current case, we suspected the existence of a tumor because the masses were detected in different vessels, and a new mass was found to have developed in the right lung. A definite diagnosis was made by immunohistochemical staining. Alternatively, thromboembolism may have occurred due to the clot in the leiomyosarcoma. Low D-dimer levels do not completely rule out the possibility of thromboembolism because emboli are generally small. In the current case, the enlargement of the mass despite the administration of anticoagulant therapy for 4 months led to the exclusion of thromboembolism.
Second, leiomyosarcoma can present as an intravenous tumor of the deep veins. Leiomyosarcomas are generally located in the uterus, retroperitoneum, deep soft tissue, or subcutaneous tissue (6); few cases arise from blood vessels. Only 5% of all reported leiomyosarcoma cases were of vascular origin (6) . Among the reported cases of vascular leiomyosarcoma, 40 were located in the iliac vein (7), while 8 were located in the superficial femoral vein (8) . Among these 48 cases, there were no cases of PE due to leiomyosarcoma. Only two previous cases described leiomyosarcoma with PE (9); however, the tumors in these cases arose from the deep soft tissue. Leiomyosarcoma of pulmonary vascular origin has recently been reported (10) . However, we report the first case of PE caused by distant intravenous leiomyosarcoma. Many cases of PE caused by leiomyosarcoma may have been overlooked. Leiomyosarcoma of the lower limb can mimic DVT, which can substantially delay its diagnosis (9) . Despite being diagnosed with clinical stage IV leiomyosarcoma (with only one lung tumor), the patient survived for a relatively long time because of the small size of the tumor and early detection.
In conclusion, we should consider the possibility of tumors such as leiomyosarcoma when a patient diagnosed with VTE displays atypical progress, especially when a patient's D-dimer level remains low. The consideration of the possibility of leiomyosarcoma in the differential diagnosis and the measurement of the D-dimer level helped in making an early diagnosis of this fatal tumor.
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